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Description 

BACKGROUND OF THE INVENTION 
s Held of the Invention 

The present invention relates generally to a method of producing phosphatide acid derivatives Known 
lecithins such as soybean lecithin and egg yolk lecithin have been widely used in foods, cosmetics paints 
lubricants, magnetic materials, animal feeds, medicine and agricultural chembals, and new phosphatide 
acid derivatives obtained by causing enzymes having transphosphatidylaticn to act on lecithins and 
compounds containing hydroxy! groups are useful substances having advantageous properties over the raw 
material lecithins in many cases, Therefore, the invention is particularly related to improvements in the 
method of producing phosphatldic acid derivatives from lecithins as raw materials by the trans- 
phosphatidylaticn reaction. 
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Description of the Prior Art 
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It is known in the art that while causing phopholipase D to act on a phospholipid or a derivative of 
phosphatide acid in the presence of water results in the production of phophatidic acid by hydrolysis, if, in 
this case, a compound containing an alcoholic hydroxyl group capable of serving as an acceptor for the 
phosphatidyl residue and divalent metal ions are allowed to coexist, the following transphosphatidylation is 
caused to produce a new phosphatide acid derivative. 
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(In the formula, Ri and Ffe represent acyl groups, alky! groups or the like X, represents a residue 
remaining after the removal of one hydroxyl group from a sugar or a compound containing alcoholic 
hydroxyl group and Xa represents a residue remaining after the removal of cne hydroxyl group from a 
compound containing hydroxyl group such as a straight -chain aliphatic polyhydric alcohol or a sugar.) 

The divalent metal ion is considered to be essential for causing the phospholipase O to exhibit a 
transphosphatidyiation activity (as an exception, there has been reported (Can,l.Biochem., 51, 747, 1973) 
that no divalent metal ion is required in the transphosphatidylation reaction between theTame kind of 
phospholipid molecule or phosphatidyl lycerol, and therefore it has been the unual practice in the past to 
infallibly activate the phospholipase D with a divalent metal ion (usually a calcium ion) in the production of 
phophatidic acid derivative by the ordinary transphosphatidylation reaction between the molecules of 
different phospholipid (Japanese Laid -Open Patents No. 58-63388 
No. 58-671B3, No. 59-187792. No. 62-36195, etc.). 

Where the calcium Ion is used for the activation of the phospholipase D, it Is impossible to add to the 
reaction system any substance which is reactive with this Ion and also it is inpossibl* to employ as a 
phosphatidyl residue acceptor, any compound containing hydroxy! group which loses its reactivity when 
combined with the calcium Ion. For example, where there is used an enzyme whose most suitable pH for 
transfer reaction is on the order of 6 to 7, the most usable and inexpensive phosphate buffer cannot be 
used since It reacts with the calcium ion to cause precipitation, which forces to employ a more expensive 
buffer solution. Moreover, a part of the final product takes the form of a calcium salt type so that where a 
product of any other salt type, e.g.. sodium salt type is to be produced; it is necessary to perform an 
additional operation, e.g., the operation of converting the undesired salt to the cesired salt by means of a 
chelating agent or th© like. 
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SUMMARY OF THE INVENTION 

* Th u!L in VieW , ? f the f9Ct the conventl0nal met ^s of producing phosphatide acid derivatives 
through the use of lecithins and phospholipase D suffer various restrictions due fc the use of divalent metal 
6 ions as mentioned previously, it is the primary object of the present inventior to provide an improved 
production method employing phospholipase D activation process which utilize* no divalent metal ion 
thereby making the production of phosphatide acid derivatives easier than previously, 

The method of the invention succeeding in accomplishing the above object to* a feature that organic 
solvent having a phospholipase D activating action is employed for the activation of phospholipase D in 
10 place of any divalent metal ion. 

m other words, according to one aspect of the invention, in the production of phosphatide acid 
derivative by acting phospholipase D on a phospholipid in the presence of a phosphatidyl residue acceptor 
thereby causing transphosphatidylation reaction, the activation of the phospholipase D is effected by use of 
organic solvent in the absence of any divalent metal ion to cause the pospholipase D to exhibit a 
15 transphosphatidylation activity. 

Preferably, the organic solvent for effecting the activation of the phospholipase D Is selected from the 
group consisting of esters having carbon number of 4 to 12, ketones having carpo.n numbers of 5 to 9 and 
halogenated hydrocarbons. In this case, it is preferable to use an ethyle acetate as the organic solvent 
in accordance with the method of the Invention in which the transphosphatidylation activity of the 
sa phospholipase D is caused by the organic solvent without using any divalent rrortal ion. the entry of any 
divalent metal ion into the reaction system is prevented so that not only the use of a phosphate buffer is 
free and a wide range of choice is allowed for the phospholipase D and the reason conditions to easify 
effect the reaction under the optimum conditions, but also the separation and purification of the object 
product from the reaction mixture are simplified, in addition, it is possible to use *s reaction raw materials 
25 any lectins and compounds containing alcoholic hydroxy! group which have heretofore been unusable due 
to the transfer reaction being impeded directly by divalent metai Ions, and therefore the present invention 
gives a chance for providing new phosphatide acid derivatives. 



DESCRIPTION OF THE INVENTION 
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Organic solvents, above all, diethyle ether is frequently used as a constituent component of a reaction 
system in the conventional transphosphatidylation. In the conventional method*, however the organic 
solvent is simply used as a solvent for solving a hardly water soluble phospholipid and bringing it into 
contact with an enzyme and a phosphatidyl residue acceptor in an aqueous solution, and a divalent metal 
3a ion, e.g., calcium ion is infallibly used separately for the activation of thB enzyme. 

The present invention which effects the activation of an enzyme with an organic solvent without using 
any divalent metal ion, is based on the following new finding by the inventors. 

(a) When a certain kind of organic solvent (e.g., ethyl acetate or 4-heptanone) is added to the reaction 
system in an amount greater than a certain proportion, phospholipase D is activated even In the absence 

40 of any divalent metal ion. 

(b) Some other kind of organic solvents (e.g., lower aliphatic primary alcoho,, dimethylformarnide or 
dimethyl sulfoxide) does not practically activate the phospholipase D but It rather inactivates. 

(c) Even among the solvents capable of activating the phospholipase D, there are many (e.g., carbon 
tetrachloride, n-hexane, benzene, 2-butanol and dioxane) which inactivate the phospholipase D when 

45 the concentration is greater than a certain value. 

(d) Also, there are organic solvents which are practically inactive on the phospholipase D, that is, those 
which neither activate nor inactivate the phospholipase 

Thus, In accordance with the invention, an organic solvent which acts to cause the phospholipase D to 
exhibit a transphosphatidylation activity Is used under such conditions that the activation action is caused 
so more strongly than inactivation action of the enzyme, thereby activating the phosphdipase D. 

The followings show organic solvents which when used in proper amounts are capable of activating the 
phospholipase D and having an excellent ability to dissolve or disperse a phospholipid and hence are 
suitable for use in the method of the invention. 

Esters: Esters from aliphatic carboxylic acids having carbon numbers of 2 to 1iD and aliphatic alcohols 
ss having the same range of carbon numbers are especially preferred. They include, for Instance ethyl 
acetate, butyl acetate, amy! acetate, decyl acetate, ethyl propionate, propyl propionate, ethyl butyrate, butyl 
butyrate, isobutyl isobutyrate, ethyl isovalerate, etc. In particular, ethyi acetate Is the most preferred 
phospholipase D activator for use in the production method of the inventior in that not only the 



4 



04/07 2007 10:19 FAX 0039 049 8232697 SERVIZIO LEGALE 



-* SVENSSON 



@024 



BP 0 285 421 B1 



tr^sphosphatidylation reaction Is caused at a high rate (greater than about 90%) with the resulting 
reduction In the secondary production or phosphatide acid, which has n,aver been possible by the 
conventional production methods employing divalent metal ions but also it is easy to handle and low in cost 
Methyl formate and ethyl formate are somewhat high In enzyme Inactivation action and are not well suited 
s or use. Esters obtained from higher aliphatic carboxylic acids or alcohols hav.ing carbon numbers of over 
11 and esters of hydroxy carboxylic acids {e.g., lactic acid, fumaric acid and citric acid) are low in 
phospholipase D activation action. ' 

Ketones: Aliphatic ketones having carbon numbers of 5 to 9, such as, 3-pentanone, methyl isobutyl 
ketone, 4-heptanone and di- isobutyl ketone are particularly preferred. Thosti having carbon numbers of 
to less than 5, e.g., propanone and butanona are high in enzyme inactivation action. 

Halogenated hydrocarbons: DicWoromethane, trichloromethane. dichloroethane, etc., are preferred 
These preferred solvents, on the other hand, have a llsk of inactivating the enzyme depending on their 
addition amounts and an activating concentration varies considerably with respective solvents thus causing 
the solvents to differ m suitable addition amount from each other, 
re In many case, however, the suitable addition amount of the organic solvent is h the range from 0.05 to SO 
parts by volume per 1 part by volume of water. The most desirable amounts of the respective organic 
solvents can bB easily determined by experiments. 

In accordance with the production method of this invention, any phospholipid or "phosphatidyl residue 
donor can be used as the raw material which belongs to a glycerophosphate For example it Is possible 
20 to use such synthetic substances identical to phosphatidylcholine and phosphat,dylethanolamine in addition 
to soybean lecithin and egg yolk lecithin. 

A suitable compound for use as another reaction raw material or "phosphatidyl residue acceptor" can 
be selected as desired from the following compounds containing hydroxyl group, e.g., alcohols- methanol 
ethanol. propanol, 2-propanol. butanol, isoamyl alcohol, hexanol, heptanoi, wctanol, decanol. glycerine' 
« ethylene glycol, etc.; sugars: glucose, xylose, arablnose, fructose, 0-D-g. U cose. mannose. sucrose.' 
lactose, cellobiose, mellblose, etc.; amino -sugars: glucosamine, galactosamine acetyl galactosamine etc- 
glycosides; sorbitol, mannitof, etc; phenols: phenol, nitrophenol, dinitropherol. etc.; and others (eg 
adenosine). v *■■ 

It is to be noted that the object of the invention is to provide improvements on the reaction method and 
it does not reside in the provision of any particular phosphatide acid derivative and thus it is completely 
free to select for the reaction any combination of a lecithin and a phosphatidyl residue acceptor (any 
phospholipid that does not cause a transphosphatidylation only when applied to the method according to 
the invention has not yet been found). «-"*uino to 

There are two kinds of phospholipids D, that is, those extracted from plarts such as cabbage carrot 
and peanut and others produced from microorganisms and either of the two can be employed for the 
invention. However, the phospholipase D derived from the microorganisms, particularly actinomycetes are 
pre ened s.nce they are excellent in thermal stability and high in activity. In accordance with the production 
method of he invention, the phospholipase D can be used by dissolving it into the reaction system or in the 
form of an immobilized enzyme. 

Where a lecithin, a compound serving as a phosphatidyl residue acceptor, phospholipase 0 and organic 
solvent serving as an activator for the phospholipase D are mixed to cause transphosphatidylation reaction 
there s no particular limitation to the order in which they are mixed. However, the followings show the 
typical methods. 

A. The lecithin is dispersed and suspended in water and then the compound serving as a phosphatidyl 
residue acceptor, the phospholipase D solution and the organic solvent serving as an enzyme activator 
are added, agitated and mixed. ' 

B. The lecithin is dissovled into the organic solvent serving as an enzyme activator and then mixed with 
an aqueous solution of the compound serving as a phosphatidyl residue acceptor and the phospholipase 

C. The lecithin and the compound serving as a phosphatidyl residue acceptor are dissolved into the 
organic solvent serving as an enzyme activator and then mixed with an aqueous solution of the 
phospholipase D. 

If necessary, any other desired auxiliary constituents such as a buffer for pH adjusting purposes and a 
surface active agent for dispersing the phospholipid or its solution may be add«f to a reaction system in 
such amounts which do not Impede the enzyme action. However, the inventbn does not employ any 
d.va ent metal ion. although It does not impede the activation of the phospholipase D by the organic solvent 
Where the phospholipase D is in the form of an immobilized enzyme, the reaction system should 
preferably be converted to a stable homogeneous phase requiring no agitation. In this case, It is desirable to 
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contact the .mmobitoed enzyme with a transparent homogeneous phase formed when the reaction system 
constituents are combmed in specific proportions. The transparent homogeneous phase is formed by virtue 
111 f l Ct,Vlty ° f the P hos P holi P !d when the phospholipid is dissolved to a relatively high 
l^ZT^lT enZy T a ° tiVatin9 ° r9aniC SOlVem and then a solution of « ^P^'d » « 

solvent ether than the organ,c solvent serving as an enZ yme activator. For instance, a mixture having the 
composition of egg yolk lecithin 20 % by weight, glycerin S % by weight, ethyl aetata eo % by weinht 2- 
propanol 5 % by weight and water 1 0 % by weight can easily form a homogeneous phase 

„ JT^!^*? "If t 5T d SUffiCiently 3t ar0und the optimum ^'Psrature for the enzyme 
used, he desired I phosphatld.c acd derivative can be separated from the reactlen mixture by the solvent 
separation method employing acetone or ethanol, the column chromatography on a silica gel alumina or 
reverse - phase carrier, the thin - layer chromatography or the like 



is EXAMPLES 



The present Invention will now be described in greater detail by way of the following examples. 
Example 1 

100 ul of glycerin serving as a phosphatidyl residue acceptor, 400 ul of phosohate buffer havino a P H 

Ll^lZ^rl? ^"V™-^ Phospholipase D are added to 5 rrg of phosphatidylcholine, 
prepared from an egg yolk lecithin and they are mixed. 

After 0 to 10O ul of ethyl acetate has been added to the thus obtained mixture, the amount of 
phosphaadylglycerol produced by transphosphatldylation reaction is determined wkh time while shaking the 
mixture at 50 C, The results are shown in the following Table 1 showing that wh,en the added amount of 
ethyl acetate is over 30 ul, the production of phosphatidylglycerol is effected ever no divalent metal ion is 

' cero I 
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TabLe 1 Production Rate 


of Phosphatidyls!.: 




lit^i-^cetat e_addit ign_(|j t ) 


Eroduc tjon^ra t e_j 
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Example 2 



2.5 g of soybean lecithin having a phosphatidylcholin content of about 9o % 100 ml of 30 % fw/v) 
phosphatidyl residue acceptor solution , 2 ml of actinomyces - derived phosphollpas* □ solution and 375 m 
Of ethyl acetate are mixed and agitated to react at 50 ' C for 60 minutes 

The following Table 2 shows the results obtained by performing the above method by using different 
acceptors Note that in the Table the percentages represent the relative weight percentages to the whole 
55 phosphatide acid derivative including the unreacted lecithin In the reaction mixture. 
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Table 2 



5 


Ac cegt or 


l£30If£E_5£3£t i or; 




Xylose 


72.2 




G3 Lactose 


81.3 


10 


Amygda I ine 


8.6 




Sorbi to I 


74.2 


15 


S ejMjie 


i 46*5 




Glycerin 


83.8 



so Example 3 



2.5 g of soybean lecithin having a phosphatidylcholine content of about 90 %, 30 ml of glycerin servina 
as a phosphatidyl residue acceptor. 40 ml of buffer solution (pH: 6.5), 2 n„| of actinomyces- derived 
phospholipase O solut.cn and organic solvent serving as a phospholipase activetlng reagent are mixed and 
as reacted at 50 C for 20 minutes. 

Th t P roduction m * hod was Performed by employing different kin-fe of organic solvents and 
different addrt.on amounts and the yields of phosphatidylglyoerol or the produce of transphosphatidylation 
were examined. As a result, when organic solvents of the following group A warn used, the yields of greater 
than 20 % could be attained at any addition amount within the range of me experimental levels (the organic 
solvent addition amounts of 10 to 400 ml). Also, the yields of 10 to 20 % were attained in the case of the 
compounds of the group B. 

A: isopropylether, 2-pentanone, 3-pentanone, methylisobutylketone, 4 - hjptanone, diisobutylketone 
methyl formate, ethyl formate, ethyl acetate, n- propyl acetate, isopropyl acetate, n- butyl acetate' 
isobutyl acetate, sec -butyl acetate, n-amyl acetate, isoamyl acetate, n-decyl acetate ethyl pro-' 
pianate, ethyl butyrate, ethyl isobutyrate, ethyl valerate, ethyl Isovalerate, n- oropyl propionate, n- butyl 
butyrate, 2-decanol, benzen<tohw& xylene, dichloroethane and phenylmeicaptene 
B; ethylether, butylether. tetranVWran, dioxane, acetylacetone, ethyl ocanonate, diethyl fumarate 
drathyl maleate, diethyl succinate, Methyl tartrate, isoamyl isovalerate, 2-pro|oanol, 2-butanol heptanol 
2-heptanol, octanol, pentane, hexane, heptane, isoootane, cydohexane, dichloromethane trich-' 
loromethane and tetrachloromethane. 
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Claims 



1. A method of producing a phosphatide acid derivative by acting phospholipid D on a phospholipid in 
« the presence of a phosphatidyl residue acceptor to cause transphos^atidylalionTe-a«tiBn"cnaracterized 

by the step of activating said phospholipase D by organic solvent id the ab^encejjlrtisffllen^ metal ion 
to cause said phospholipase D to exhibit a transphosphatidylation actl^mp^^^-"-^^^-^" 

2. A method according to claim 1, wherein said phospholipase D is activated fcy organic solvent selected 
so from a group consisting of esters having carbon numbers of 4 to 1 2, ketones having carbon numbers of 

5 to S or halogenated hydrocarbons. 

3. A method according to claim 2, wherein ethyl acetate is used as said organic solvent, 
ss PatentansprUche 

1. Verfahren zur Herstellung eines PhosphatidsSurederivates durch Einwlrkung von Phospholipase D auf 
em Phospholipid in Anwesenheit eines Phosphatidylrestakzeptors unter Bewhken einer Transphospha- 
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Hdylierungsreaktion, gekannselchnet durch dsn Sohritt der Aktiviarung der Phosphatase 0 durch ein 
organ.schas Losungsmittel in Ab weS er,hait aine* zwaiwartlgan MetallL, un, d a Z SSnTd » 
veranlassen, eine Transphosphatldylierungsreaktion zu entfalten. rnospnonpase u zu 

5 a Verfahren gemaB Anspruch 1, bai welchem die Phospholipasa t) durch ain aus ainar aus Estarn mil 
Koh snstoffeahlan V on 4 bi s 12. Katonan mit Kohlanstoffzahlen von 5 M9 g odar halogentertan 
Kohlenwassarstoffen baatahendan Gruppa ausgawShltas Losungsmittal aktiviai wird h8, ° 9en,ertan 

10 a wa'ndrwirS emafl ^'"^ *" E3si 9 sM W<^ ** organist Losungsmittal var- 

Revendications 

is 1 " S™^ 0 *?" ^J*** ''" Cide phD5 P hatidi ^ « la phospholipid 0 sur un 

is phospholipids en prince d'un acceptor de reste da phosphatidyl* afin d » provoquer una reaction 
da tr^sphosphatidylatron, cmririrf an ce qu'on active ladlte phospholipasa Dp*™ lltZ 
oraamque an I'absence d'un Ion da metal divalent afln d^ljger ladita phosphatase D a te ,« " 
d'une activity de transphosphatidyfation. P e 

20 2 ' n P ™? § ^ 13 1 ' danS leCjuel J * dite Phospholipasa D es< actrvae par an sofvant 

aronque chofei parm, las esters en <V 1Sil las catenas en C e _, et les hydroca, bures halogen**. 

o^n?ue Se '° n ^ r9VendlCati0n 2 ' danS ^ on uti|lse de f,flC ^ d'ethyla en quality dudit solvant 
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